The proliferation of lens epithelial cells remaining attached to the capsule after extracapsular cataract extraction represents a potential cause of posterior capsule opacification. In view of the reported mitogenic effects of eye derived growth factors on lens epithelial cells in animal studies, we determined to establish whether the human retina produces a factor capable of inducing a similar response in human lens epithelial (HLE) cells. We report that an extract of the human neural retina is capable of increasing the proliferative capacity of HLE cells in cul ture by 50%. The possible mechanisms are discussed. The presence of such a growth factor in the human eye would have important consequences for the epithelial cells remaining after cataract surgery.
Research on the bovine lens has demonstrated that the growth of bovine lens epithelial cells in tissue culture can be con trolled by a growth factor derived from the adult bovine retina.!,2,3 This growth stimulat ing activity is found in the vitreous, ciliary body, iris and choroid but is usually prepared from the retina. 4 The ubiquitous ocular loca tion of this factor suggests that it may be an important regulator of lens embryogenesis and it is termed Eye Derived Growth Factor (EDGF). The role of EDGF in the normal homeostasis of the mature lens is unclear although in vitro experiments with cultured rat lens epithelial cells have demonstrated the ability of EDGF to stimulate elongation and differentiation into fibre cells. 5, 6 EDGF derived from bovine retina has been partially purified.7 It is a protein of 17,500 D ± 3,500 D with an isoelectric point of 4.5 ± 0.5, has an activity 1,000 times greater than the initial crude extract and could stimulate bovine lens epithelium (BLE) cells to proliferate at a concentration of 14ng/ml of culture medium. No differences were apparent between EDGF of the retina or vitreous body -suggesting that they both contain the same growth factor. In view of the intense interest in neovascular disorders in the eye, although outside the scope of this study, it should be mentioned that EDGF possesses an angiogenic activity8 and an angiogenic factor has been isolated from the bovine retina. 9 It has been suggested that EDGF is related to, if not identical to, Fib roblast Growth Factor (FGF) since this fac tor stimulates lens epithelial cells to grow, 10 has similar retention steps on chromatog raphy, similar molecular weights and similar amino-acid compositions.ll Using radioim munoassay for bovine FGF that recognises human FGF this factor has been detected in patients who have had a history of vitreous haemorrhage and multiple vitrectomy opera- Bovine, rat and rabbit lens epithelial cells in culture attain much higher population doubling levels than the human.4•13 Our interest in the proliferation of lens cells results from the clinical problem of opacifica tion of the posterior lens capsule following extracapsular cataract extraction. We have, in a previous study, demonstrated that explants of human lens epithelium can be stimulated to grow in tissue culture and that an important factor stimulating cellular pro liferation from an intact basement membrane (i.e. the lens capsule) is release from contact inhibition -even in areas away from the ger minative region of the equator .14 In this study we have examined the effects of human EDGF on cultured human lens epithelial (HLE) cells.
Materials and Methods
(a) Retinal extract preparation Neurosensory retinas were obtained from eight cadaver eyes which had been stored at -20°C, within 24 hours of death. Using the method described by Arruti and Courtois1 the retinas were homogenised in Dulbecco's phosphate buffered saline (DPBS) using an Ultra Turrax. After centrifugation at 1l,200g for 30 minutes, the supernatant was removed and passed through millipore filters (0.45I-lm followed by 0.2I-lm) and stored at -20°C.
The protein content of the retinal extract, determined by the method described by Lowry et al., 15 was found to be 640l-lg/ml. This extract is referred to as Neuro-retinal extract (NRE).
(b) Tissue Culture A total of 24 experimental cultures were grown from normal lens epithelia obtained from three human donor eyes within 48 hours of death (eye 1, from a donor aged 59 years; eyes 2 and 3 were from the same donor aged 75 years). Each eye was bisected equatorially behind the ora serrata and the lens removed by cutting the suspensory ligaments. Explants from each of the lenses were cul tured in medium E199 with fetal calf serum (FCS), 50% for the first 10 days, reduced to 36% on day 10, 25% on day 13, 10% on day 16 and thereafter the medium was changed every three days with E199+ 10% FCS. No antibiotics or antimycotics were used. The cultures were placed in a humidified, gassed (5% CO 2 ) incubator and maintained at 37°C. For each experiment the lens epithelium was divided into 8 or more segments, half of which acted as controls while the remaining half were used for the test, thereby eliminat ing age variations that might have occurred between lenses. Each explant was cultured separately and cell proliferation was mea sured by calculating the number .of cells in the outgrowth as previously described. 16 Human neural retinal extract was added to the test cultures at a concentration of 6.4l-lg protein/ml of culture medium and was pre sent throughout the culture period.
(c) Mathematical Modelling of Cell Growth
Cell growth is best expressed in terms of population doubling since this is independent of the absolute number of cells. To investi gate the dynamics of cell growth we used the Gompertz Growth Function to model the data. This function is an accepted method of quantifying cell growth and has been applied to normal and neoplastic growthl7•18 and to HLE explants. 16 The Gompertz Growth Function is expres sed as
(1) where Nt = number of cells at time, t No = initial number of cells at t = 0 A = specific growth rate constant r = retardation constant.
Values for the constant A and r may be determined by an iterative computation, using the least squares method so that equa tion (1) has the best fit to the observed results.
The Population Doubling Level (PDL) is an index of the number of population doubl ings that occur within a given time, t. It must be distinguished from cell doublings since PDL refers to the number of doublings undergone by the whole population, and because cells may drop out of the cell cycle due to contact inhibition, the actual number In addition to increasing the total number of cells produced Figure 1 indicates that NRE increased the rate of growth, shown by the steeper growth curve. This is reflected in the mathematical model by an increase in the ratio Afr (Table I) . Thus the first doubling time (i.e. Nt = 2.No) is reduced from 1.37 days to 1.23 days.
In spite of the changes in the growth parameters there was no noticeable change in 
